The ground state of the parent compounds of many high temperature superconductors is an antiferromagnetically (AFM) ordered phase, where superconductivity emerges when the AFM phase transition is suppressed by doping or application of pressure. This behaviour implies a close relation between the two orders. Understanding the interplay between them promises a better understanding of how the superconducting condensate forms from the AFM ordered background. Here we explore this relation in real space at the atomic scale using low temperature spin-polarized scanning tunneling microscopy (SP-STM) and spectroscopy. We investigate the transition from antiferromagnetically ordered Fe1+yTe via the spin glass phase in Fe1+ySe0.1Te0.9 to superconducting Fe1+ySe0.15Te0.85. In Fe1+ySe0.1Te0.9 we observe an atomic-scale coexistence of superconductivity and short-ranged bicollinear antiferromagnetic order.
The ground state of the parent compounds of many high temperature superconductors is an antiferromagnetically (AFM) ordered phase, where superconductivity emerges when the AFM phase transition is suppressed by doping or application of pressure. This behaviour implies a close relation between the two orders. Understanding the interplay between them promises a better understanding of how the superconducting condensate forms from the AFM ordered background. Here we explore this relation in real space at the atomic scale using low temperature spin-polarized scanning tunneling microscopy (SP-STM) and spectroscopy. We investigate the transition from antiferromagnetically ordered Fe1+yTe via the spin glass phase in Fe1+ySe0.1Te0.9 to superconducting Fe1+ySe0.15Te0.85. In Fe1+ySe0.1Te0.9 we observe an atomic-scale coexistence of superconductivity and short-ranged bicollinear antiferromagnetic order. The close proximity of magnetic order and superconductivity in the phase diagram of many unconventional superconductors such as cuprates, heavy fermion materials and iron-based superconductors [1] [2] [3] suggests that understanding the relationship between these two phases might provide important clues towards an understanding of the physics of high temperature superconductivity. In the iron-based superconductors, both magnetic order and superconductivity (SC) originate from the iron d bands. Quite a few of the iron-based superconductors exhibit regions in their phase diagrams, established from macroscopic characterization, where the two phases appear to coexist [4, 5] , whereas in others there is clear phase separation [6] . Real-space imaging by spinpolarized STM can reveal whether superconductivity and magnetism really coexist at the atomic scale, or reside in spatially separated regions which are either antiferromagnetically ordered or superconducting. From theory, it has been shown that in the iron-pnictides, antiferromagnetic (AFM) order and superconductivity (SC) can coexist if the superconducting order parameter is of the sign-changing s ± -type , whereas for non-sign changing s-wave superconductivity, the two phases compete and superconductivity is suppressed once magnetic order sets in [7] [8] [9] .
Here, we study the relation between antiferromagnetic order and superconductivity in the iron chalcogenides, Fe 1+y Se x Te 1−x , using low temperature spin-polarized scanning tunneling microscopy and spectroscopy (SP-STM/STS). The iron chalcogenides have the simplest crystal structure among the different classes of iron based superconductors. The crystal structure consists of layers of iron atoms forming a square lattice with selenium and tellurium atoms centered above or below these squares. The iron chalcogenides exhibit a natural cleavage plane which exposes a non-polar surface. The non-superconducting parent compound Fe 1+y Te with y≤ 0.1 exhibits long-range commensurate magnetic order [10, 11] with a wave vector q AFM = (π, 0).
With Se doping the magnetic order becomes shortranged and incommensurate [12] and superconductivity sets in [13, 14] . At higher Se concentration, x ≥ 0.4, bulk superconductivity is achieved [14, 15] (compare fig. 1a ). Despite a different magnetic ordering wave vector between the non-superconducting parent compounds of the iron chalcogenides and pnictides both show enhanced spin fluctuations at q = (π, π) in the superconducting state [16, 17] .
In this work, we study the transition from antiferromagnetic order at x = 0 to superconductivity at x = 0.15 in Fe 1+y Te 1−x Se x by real space imaging of both the magnetic order and the superconducting pairing. We especially focus on a region of the phase diagram (Fig. 1a ) near x = 0.1 where signatures of both, magnetic order and superconductivity (Fig. 1b) , are observed [4] . SP-STM/STS measurements were carried out using a homebuilt low-temperature STM operating at 1.7 K which allows for in situ sample transfer and cleavage [18] . STM tips have been cut from a platinum-iridium wire and prepared by field emission on a gold single crystal. Magnetic tips have been prepared either by picking up interstitial excess iron atoms from the surface of the material or by gentle indentation of the tip into the sample surface [11, 19] . In this work, we have prepared magnetic tips arXiv:1711.10389v1 [cond-mat.supr-con] 28 Nov 2017 also by applying voltage pulses with amplitude of about 2 V which render the tips magnetic and remove excess iron atoms underneath the tip from the sample surface. STM images shown for the sample with x = 0.1 have been obtained in areas where the excess iron atoms had been removed, as otherwise the magnetic contrast was obscured by the high density of excess iron atoms.
Topographic images were recorded in constant current mode. The differential tunneling conductance dI dV (V ) was measured through a lock-in amplifier with f = 413 Hz and modulation amplitude V mod = 800 µV. The bias voltage is applied to the sample.
The single crystals of Fe 1+y Se x Te 1−x (x = 0, 0.1 and 0.15) were grown by the self-flux method [20, 21] (Fig. 1c) , while the magnetic order becomes short-range in the x = 0.1 sample (Fig. 1d) , evidenced by patches of magnetic order in the real space image (see black lines demarking magnetically ordered areas in Fig. 1d ) and significant broadening of the peak associated with the magnetic order in Fourier space. A resistivity measurement performed on the same sample used for STM shows that the sample exhibits a superconducting transition occurs at T = 10K, evidenced by the sharp drop in resistivity (Fig. 1b) . However, the transition is broader than in samples with larger x and the resistivity does not go to zero, implying that the superconductivity is filamentary. At x = 0.15, no magnetic contrast is detected (Fig. 1e) . From this series of topographic images, we can clearly see that the x = 0.1 sample lies in a phase with short-range magnetic order, while in the sample with x = 0.15, the magnetic order is already completely suppressed.
The magnetic order is spatially inhomogeneous, and we can identify regions showing patches of magnetic order in both crystallographic directions, as seen in the topography in Fig. 2a . This is clearly in contrast with the non-superconducting parent compound, where at low excess iron concentration y the magnetic order is unidirectional, stablized by the anisotropy of the crystal structure. To highlight the magnetically ordered patches, we show in Fig. 2b over extended surface regions [11] , here the magnetic order stays largely unidirectional within localized patches (Fig. 2b) . These observations raise two questions: (1) is it only the spin-polarization at the Fermi level which is spatially modulated, leading to a patchy appearance in STM images while the magnetic order in reality has long-range coherence? (2) If it is true short range order, what is the characteristic length scale ? (1) can be tested by analyzing the phase of the magnetic order: if it is only the intensity which is modulated but the order long-ranged, spatially separated patches of magnetic order should exhibit the same phase -whereas if the magnetic order is localized in separate regions of the sample, the phase will be random between spatially separated patches. To distinguish these two scenarios, we have analyzed the local phase of the magnetic order from a lock-in analysis [22, 23] .
In Fig. 2(c, d) , we show the results of a lock-in analysis of the topography in Fig. 2(a) , with the amplitude shown in (c) and the corresponding phase map in (d). As can be seen by comparison of Fig. 2c and d , different regions with large intensity of the magnetic order exhibit different phase (compare, e.g., regions marked I and II). The analysis thus confirms that the sample really exhibits patches with magnetic order. Fig. 2e shows an area within the dotted rectangle in Fig. 2a showing the change of the phase of the magnetic order between two different neighbouring regions, confirming the result from the lock-in analysis. The same lock-in analysis can be used to address point (2), the characteristic length scale of the magnetically ordered patches. Fig. 3a and Fig. 3b show the extracted intensity maps S a1 and S a2 . The characteristic size of the patches estimated from the autocorrelation, as shown in Fig. 3c and d for S a1 is about 4 nm, similar to what an analysis of the width of the Fourier peak (compare fig. 1d ) yields. Analysis of the magnetic modulation for a 2 yields a similar though slightly smaller characteristic length scale. The extracted length scale from our SP-STM measurements is slightly larger than the value of 2.4nm reported for selenium concentration x = 0.1 from neutron scattering [14] .
In order to address the relation between magnetic order and superconductivity, we have acquired spectroscopic maps consisting of tunneling spectra taken in the energy range of the superconducting gap and covering the same area in which we have characterized the magnetic order using spin-polarized STM. Fig. 4a shows the SP-STM image of the region where the map has been taken. The map of strength of magnetic order extracted from the same image is shown in Fig. 4b . To analyze the relation between superconductivity and magnetic order, we have averaged the tunneling spectra in regions with similar strength of the magnetic order, shown in Fig. 4c . A clear gap can be seen at the Fermi energy, which shows only negligible variation between regions with different strengths of the magnetic order. While the absence of a clear correlation is true for different regions of the sample, the overall shape of the spectra shows significant variation (compare Fig. 4 and Fig.S2 ), which we attribute to variations in the concentration of excess iron atoms.
Comparison with the gap size seen at other Se concentrations, in particular the one in bulk superconducting FeSe 0.4 Te 0.6 [15] (see Fig. 4(d) ), shows that the gap size is quite similar, while the coherence peaks are less pronounced in the sample with x = 0.1.
The absence of correlation between the antiferromagnetic order and superconductivity in our experiment puts a stringent constraint on the theories aimed at explaining superconductivity in iron-based materials. Our results are consistent with the expectation for s ± superconductivity, where the magnetic order only has a rather minor impact on the strength of the superconducting pairing, even though it would have an impact on the spin fluctuations. The latter will however remain rather localized in q-space to the wave vectors of the magnetic order. At the same time, it would be difficult to reconcile our experiments with conventional isotropic s-wave superconductivity [24, 25] , as would be promoted by orbital fluctuations [26] . That the gap size which we observe remains essential constant for different selenium concentrations x agrees with the fact that in FeSe x Te 1−x , superconductivity does not disappear with decreasing x due to a suppression of the transition temperature but rather due to the superconductivity becoming filamentary. This, together with observation of coexistence between magnetism and superconductivity in thin films of FeTe [27] , suggests that it is the excess iron which kills superconductivity for x → 0 in FeSe x Te 1−x , rather than the magnetic order. The lower excess iron concentration seen at the surface compared to the bulk may mean that the superconductivity in the bulk is not as prevalent as our measurements suggest, yet this does not impact on the principal finding of superconductivity coexisting at the atomic scale with antiferromagnetic order. The characteristic length of the magnetic order which we find is surprisingly consistent with neutron scattering [14] , whereas the ordering wave vector is not: from neutron scattering, the magnetic order becomes incommensurate with increasing Selenium concentration, which we do not observe. This may again be related to the different excess iron concentration at the surface.
Our results show atomic scale images of the coexistence of antiferromagnetic order and superconductivity for an iron chalcogenide material. They reveal a local coexistence of the two phases, with little impact of the antiferromagnetic order on the superconductivity. Given the different magnetic ordering wave vectors in the iron chalcogenides compared to the iron pnictides, it remains to be seen whether the same holds true for the iron pnictide superconductors.
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